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Motivation for Work in InAs bipolar transistors

Historical Trend — Increase the amount of indium in the base
of a heterojunction bipolar transistor (HBT)

= Higher electron mobility & saturation velocity
= Improved base resistance/base contact resistance
= Faster Device

Evolution of Base Compositions in HBTs
— GaAs base (0% indium) — AlGaAs/GaAs structures on a GaAs substrate

—  Ga_lInAs (X ~ 10% ) — Pseudomorphic GalnAs base on a GaAs substrate
Ga,-In .,As — GalnAs base lattice-matched to an InP substrate
—  Ga_lInAs (x > 53%) — Pseudomorphic GalnAs base on an InP substrate

—  Metamorphic growth for increased In content

Increasing In composition in InGaAs base
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Final Frontier -- 100% InAs in the Base
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This Work — Examine the Feasibility of Making
InAs-Based Bipolar Transistors

Initial Concerns/Issues

 Early work (Mead & Spitzer, 1963) states that the Fermi
level of InAs is pinned in the conduction band at the
surface.

» This suggests that there is an (n-type) inversion layer at the
surface of the p-type InAs.

= Effect: Possibility of shorting out the pn junction due to the
high conductivity (n-type) surface layer.

= The Standard IlI-V Heterojunction Bipolar Transistor (HBT):

= Emitter is lattice-matched, or nearly lattice-matched, to the
Substrate.

Type |, wide-gap emitter-base heterojunction.

=
= Large valence-band discontinuity () E
= Result: No practical material fits these criteria.

= No Semi-insulating (SI) substrate in A.materials.
G
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Bipolar Device Types Investigated

e Bipolar Junction Transistor (BJT) — All junctions are
homojunctions.

* Heterojunction Bipolar Transistor (HBT) — Pseudomorphic
Al odNg o/AS Wide-gap emitter.

e Tunneling Emitter Bipolar Transistor (TEBT) —Aln, AS
barrier.Designed to incorporate the advantages of an HBT
without the stringent requirement of lattice-matched wide-

gap emitter.
Emitter 1 Base Collector
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eSult: aevices wi igner

— Pseudo HBT effect due to bandgap narrowing in the base (Jerry
Woodall, Michael Melloch, Michael Lovejoy, Paul Dodd, Mark
Lundstrom, and David Pettit) can also contribute to large 3.

BJT 3 ~HBT 3
a. vy d; is the limiting factor in the equation for 3.
— T . .
B= Thinner base layers should increase (3.
1-a;y
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Conclusion: Holes tunnel easier than electrons through AllnAs barriers.
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Summary -- Conclusions

« BJT, HBT, & TEBT structures have been grown,
processed, and characterized in our laboratory.

 Pinning of the surface fermi level in the conduction band
of INAs Is either nonexistent or not important.

 Neither Si nor Be are ideal dopants for InAs-based pn
devices.

« The study of AlinAs epilayers show maximum
thicknesses for Aln, ,As on InAs: ~ 40 nm (x=9%); ~ 3
nm (x=40%).

« AlInAs is not an effective material for the TEBT design.

« Room temperature common emitter current gains on the
order of [ = 100 demonstrate the feasibility of InAs-
based bipolar transistor. Thinner bases are expected to

further increase 3.
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